Cellular polyamines of the newly additional 19 species belonging to the class Bacteroides of the phylum Bacteroidetes were analyzed by HPLC to display polyamine distribution as a chemotaxonomic marker within the total 41 species. Three profiles, the presence of spermidine, the presence of homospermidine and the absence of both triamines, corresponded to their phylogenetical positions within the four families of the class. The occurrence of an aromatic amine, 2-phenylethylamine, extracted into cellular polyamine fraction, was also determined within the 121 species distributed within the phylum. This aromatic amine was found in Cellulophaga lytica, Cytophaga latercula, Tenacibaculum amylolyticum, Tenacibaculum martimum, Tenacibaculum mesophilum and Psychroflexus torquis belonging to the family Flavobacteriaceae of the class Flavobacteria, and Flexibacter flexilis and Microscilla marina belonging to the family Flexibacteraceae of the class Sphingobacteria.
Introduction
The phylum Bacteroidetes (formerly CytophagaFlavobacterium-Bacteroides phylum) comprise the three classes Bacteroides, Flavobacteria and Sphingobacteria (Bernardet et al., 2002; Boone and Castenholz, 2001; Hofstad et al., 2000; NCBI Home page, 2004; Paster et al., 1994; Weller et al., 2000) . Cellular polyamine distribution profile within this phylum, as a phenotypic chemotaxonomic marker, has been studied Matsuzaki, 1990, 1991; Hamana et al., 1995; Hamana and Nakagawa, 2001a, b) . Homospermidine was ubiquitously found as the major polyamine in all 16 genera belonging to the family Flavobacteriaceae of the class Flavobacteria and the family Sphingobacteriaceae of the class Sphingobacteria. Fifteen other genera, phylogenetically spread beyond the two families, contained homospermidine or spermidine, or lacked polyamines (Hamana and Nakagawa, 2001a, b; Hosoya and Hamana, 2003) .
The class Bacteroides (order Bacteroidales) containing 13 genera is phylogenetically divided into the four families Prevotellaceae, Porphyromonadaceae, Bacteroidaceae and Rikenellaceae (Boone and Castenholz, 2001; Miyamoto and Itoh, 2000; Nakagawa and Yamasato, 1996; NCBI Home page, 2004; Paster et al., 1994; Suzuki et al., 1999; Weller et al., 2000) . Cellular polyamines of 19 additional species were newly analyzed in the present study to display complete polyamine distribution profiles within the total 41 species (47 strains) of the class Bacteroides.
A recent study of ours first showed the occurrence of an aromatic amine, 2-phenylethylamine (bphenethylamine), in the cellular polyamine fraction of psychrophilic Psychroflexus torquis belonging to the family Flavobacteriaceae (Hamana and Niitsu, 2001) . Therefore, distribution of this aromatic amine was newly analyzed within the 71 species (111 strains), except for the species located in the class Bacteroides, in which 2-phenylethylamine had not been determined (Hamana and Nakagawa, 2001a, b) . Furthermore polyamines of 6 newly validated species (7 strains) belonging to the two new genera Zobellia (Barbeyron et al., 2001) and Tenacibaculum (Suzuki et al., 2001) and new three psychrophilic Flavobacterium species (Humphry et al., 2001; Tamaki et al., 2003; Zhu et al., 2003) of the family Flavobacteriaceae, and a species of the genus Dyadobacter (Chelius and Triplett, 2000) of the family Flexibacteraceae were analyzed.
Materials and Methods
Organisms belonging to the class Bacteroides were cultured anaerobically at optimum growth temperature (30-37°C) in GAM broth (Nissui Pharmaceutical Co., Tokyo, Japan) (Hamana et al., 1995) . Other flavobacteria were cultivated aerobically at 25°C in marine broth (MB), 199 medium dissolved in seawater (199-SW), tripticase soy broth (TSB) (BBL, MD, USA), and various media listed in IFO, ATCC and IAM (Hamana and Nakagawa, 2001a, b) . Three psychrophilic Flavobacterium species were grown at 15°C. Cells were harvested in the stationary phase by centrifugation at 3,000ϫg and washed with 0.8% NaCl and then the pellets were homogenized in equal volumes of cold 1.0 M perchloric acid (PCA) at 4°C. Polyamines extracted into 0.5 M PCA were analyzed by high performance liquid chromatography (HPLC) on an L6000 high speed liquid chromatograph (Hitachi Co., Tokyo, Japan) using a column of cation-exchange resin (Hamana et al., 1995) .
Results and Discussion
Cellular concentrations of polyamines of the 19 strains newly analyzed and the 28 strains previously analyzed (total 47 strains), belonging to 41 species of the class Bacteroides, are shown in Table 1 . GAM medium used for their cultivations contained small amounts of putrescine, cadaverine, spermidine and spermine (Table 1) . Incorporation of polyamines into the cells from the medium was not excluded. The higher level of 0.40 mmol/g wet weight was defined as threshold value for synthetic cellular spermidine in the present study.
Twelve Prevotella species including six strains newly analyzed, phylogenetically belonging to the family Prevotellaceae, were free of cellular polyamines. (Maiden et al., 2003; Sakamoto et al., 2002) and Dysgonomonas gadei (Hofstad et al., 2000) , belonging to the family Porphyromonadaceae. Only a trace amount of spermidine was detected in Porphyromonas levii (Hamana et al., 1995) . Spermidine was the major polyamine in Bacteroides splanchnicus and Bacteroides putredinis and Cytophaga xylanolytica, Marinilabilia salmonicolor (Nakagawa and Yamasato, 1996; Suzuki et al., 1999) and Cytophaga fermentans contained spermidine as well.
Phylogenetic analyses showed that Prevotella heparinolytica and Prevotella zoogleoformans were located in the family Bacteroidaceae (Paster et al. 1994; Weller et al., 2000) and the two organisms contained spermidine. This chemotaxonomic datum supports reclassification of them. Bacteroides distasonis and Bacteroides merdae are phylogenetically located in the family Porphyromonadaceae together with Tannerella and Dysgonomonas species and contained spermidine, supporting reclassification of the two Bacteroides species. Bacteroides splanchnicus, Bacteroides putredinis, Cytophaga xylanolytica and Cytophaga fermentans, containing spermidine, should be reclassified as new genera of the family Rikenellaceae. However authentic Cytophaga species of the family Flexibacteraceae of the class Sphingobacteria ubiquitously contained homospermidine as the major polyamine (Hamana et al., 1995; Hamana and Nakagawa, 2001b) . The occurrence of homospermidine as the major polyamine in Rikenella microfusus is a unique polyamine profile within the class Bacteroides (Hamana et al., 1995) .
2-Phenylethylamine produced by decarboxylation of L-phenylalanine, was detected as a PCA-extractable cellular amine in psychrophilic Psychroflexus torquis growing at 5°C, but not in mesophilic Psychroflexus Hamana et al. (1995) ; (b), Hamana and Nakagawa (2001b) . gondwanensis growing at 26°C (Hamana and Niitsu, 2001) . Among the 111 reanalyzed organisms (71 species) belonging to the phylum Bacteroidetes previously listed (Hamana and Nakagawa, 2001a, b) , this aromatic amine was detected in the packed cells of seven organisms, Cellulophaga lytica, Cytophaga latercula, Flexibacter flexilis, three Tenacibaculum species and Microscilla marina ( Table 2 ). This amine was not found in all of the 47 analyzed strains of the class Bacteroides. As shown in Fig. 1 , A-F, this aromatic amine and agmatine were not only detected as a cellular amine but also found in culture supernatant, indicating extracellular secretion of the two amines, as reported previously (Hamana and Niitsu, 2001 ). In Zobellia uliginosa grown in three different media, agmatine was found only in cellular PCA extract, whereas 2-phenylethylamine was found only in the culture supernatant, as shown in Fig. 1 , G-I.
2-Phenylethylamine was not found in the three new psychrophilic Flavobacterium species, F. frigidarium, F. limicola (Tamaki et al., 2003) and F. omnivorum, growing at 15°C and containing homospermidine (Table 2 ). This aromatic amine has not been detected in other psychrophilic flavobacteria, Flavobacterium hi-
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HOSOYA and HAMANA Vol. 50 bernum (growing at 20°C), Flavobacterium psychrophilum (20°C), Polaribacter filamentum (4°C), Polaribacter glomeratus (15°C), Psychroserpens burtonensis (15°C) or Gelidibacter algens (10°C) (Hamana and Nakagawa, 2001a, b) , indicating that the production of this aromatic amine has no relation to psychrophily. Dyadobacter fermentans (Chelius and Triplett, 2000) as well as Runella slithformis and Spirosoma linguale (Hamana and Nakagawa, 2001a, b) , of the family Flexibacteraceae, contained spermidine as the major polyamine and lacked 2-phenylethylamine.
Although the determination of net cellular spermidine synthesis was not clear in some strains, the distribution profile of spermidine and homospermidine serves as a phenotypic marker within the phylum Bacteroidetes. Putrescine is produced by decarboxylation of L-ornithine, however, subjected to spermidine and homospermidine syntheses. A part of cadaverine, agmatine and 2-phenylethyamine are secreted into culture medium; their intracellular levels are variable. Therefore cellular levels of putrescine, cadaverine, agmatine and 2-phenylethylamine are useful for phenotypic discrimination among species or strains but unsuitable as a chemotaxonomic marker for the phylogenetic classification of the phylum Bacteroidetes. The abbreviations for polyamines are shown in Tables 1 and 2. 
